Introduction
Obesity and being overweight are major risk factors for many chronic diseases. Overweight and obese people are the majority today in the OECD area. Before 1980, however, fewer than one in ten people were obese in OECD countries. In the following decades, rates have doubled or even tripled and are continuing to rise (Wilson, Devaux, Cecchini, & Sassi, 2014) . The number of overweight and obese people rose to 2.1 billion in 2013, according to a major new analysis from the Global Burden of Disease Study 2013, published in The Lancet (Ng et al., 2014) . Being overweight and obese are associated with a musculoskeletal state and are responsible for significant disabilities and impaired quality of life (Anandacoomarasamy, Caterson, Sambrook, Fransen, & March, 2008; Butterworth, Landorf, Smith, & Menz, 2012; Hills, Hennig, Byrne, & Steele, 2002) . quintus varus), widening of the forefoot and heel area, transversal arch collapse in the metatarsal area, metatarsalgia, flat footedness (the collapse of the mid-foot area of the longitudinal arch) and heel misalignment (Butterworth et al., 2014; Butterworth et al., 2012; Hills et al., 2002; Wearing, Hennig, Byrne, Steele, & Hills, 2006) .
There are many studies which have confirmed that being overweight and obese documents a high body mass index (not body composition) having undesirable negative effects on the feet, probably due to the greater mechanical loading of the lower limbs (Birtane & Tuna, 2004; Butterworth et al., 2014; Butterworth et al., 2012; Domjanic, Fieder, Seidler, & Mitteroecker, 2013; Hills, Hennig, McDonald, & Bar-Or, 2001; Morag & Cavanagh, 1999; Wearing, Hills, Byrne, Hennig, & McDonald, 2004) ; however, studies also exist with contradictory, neutral and positive findings (Nguyen et al., 2010) . People with higher Body Mass Index (BMI) may not have been obese from aspect of body composition (Evans, Rowe, Racette, Ross, & McAuley, 2006; Gába, Přidalová, & Zajac-Gawlak, 2014; Romero-Corral et al., 2008) , but the methodological question of BMI objectivity is not aim of this study.
Scientific opinions vary regarding how body composition (body fat and other components) affects the feet. It is believed that body fat mass, rather than changes in foot morphology and structure, may be the cause of an increased mid-foot contact area and, ultimately, fallen arches (Alcantara, Forner, Ferrus, Garcia, & Ramiro, 2012; Butterworth et al., 2014; Wearing et al., 2004) . The strength of association between body composition components and foot morphology and structure, likewise foot function, is still unclear (Butterworth et al., 2014) . Thus, it is very important to investigate the foot characteristics in association with obesity expressed as the selected body components. Therefore the aim of this submitted study analyses of the percent of body fat in relation to foot morphology parameters and longitudinal foot arch condition.
Methods

Subjects
The study sample comprised 139 women aged 48-69 years (age periods Maturus II. and Presenilis) divided into two groups: non-obese women with PBF < 35% (NOW) with a mean age of 55.8 ± 4.4 years (n = 66) and obese women with PBF > 35% (OW) with a mean age of 57.4 ± 4.9 years (n = 73), measured in the Kinanthropometry Laboratory at the Faculty of Physical Culture, Palacký University Olomouc ( Table 1 ). All of the 139 participants recruited were informed about the purpose of this study and provided informed written consent before participation in the research process. This study was approved by the Ethics Committee of the Faculty of Physical Culture, Palacký University Olomouc.
Data collection and analysis
Women underwent the basic anthropometric measurements of body weight and body height, both as measured by a digital medical scale with a stadiometer (InBody BSM370; BioSpace, Seoul, South Korea). BMI was calculated and evaluated by WHO and the WHO classification scale which was used was as follows: underweight (< 18.5 kg/m (Figure 2 ). If the mid-foot was missing in the footprint, it indicated a high-arched foot (pes excavatus) and then we measured the blank space in the footprint between the forefoot and the heel (Klementa, 1987) .
Statistical analysis
We applied descriptive statistical methods for the base analysis of the investigated parameters. After calculating the Shapiro-Wilk normality test for all parameters, which confirmed non-normality of data distribution, we used the Mann-Whitney U test (Z) for the evaluation of differences between the NOW and OW. Additionally, we calculated effect size coefficient (r pb ) according the formula: r pb = Z/√N, only for significant results (p < .05). Value range for effect size was: .1 < r pb < .3 -small effect, .3 < r pb < .5 -medium effect, r pb > .5 -strong effect (Cohen, 1988) . Values of the effect size r pb > .1 were further discussed. Statistical analysis was performed by STATISTICA software (Version 12; StatSoft, Tulsa, OK, USA).
Results
On the left foot there was a significant difference between the NOW and OW (2.9°, p = .01, r pb = .25) ( Table 2 ). Hallux valgus angle was smaller in the OW.
active (Gába, Kapuš, Cuberek, & Botek, 2014) . Obesity was interpreted by PBF. Only PBF was used for further analysis. Women with a PBF of over 35% are considered obese (Heyward & Wagner, 2004) . In order to obtain morphological and structural characteristics static podograms of the both feet were made which were taken by means of a footprint device with a special rubber membrane. The lower part of the membrane was ink-colored and under the membrane was situated blank A3 paper. When the participant stepped on the membrane with both feet from a seated position (while on a chair in a position of a 90° angle at the knee joint) to a standing position, it created black ink imprints on the blank paper. Podograms were used to scan it into digital form and were evaluated with the custommade software "Foot" (Elfmark & Přidalová, 2002) , where basic length, width and angle parameters were assessed. Measurements included foot parameters on both feet. Angle parameters included the hallux angle, the digitus minimus angle, the heel angle and the foot angle ( Figure 1 ). When the first three angles were positive values, a valgus position was indicated; when values were negative it indicated a varus position. Three categories were used for foot angles: I. < 15°, II. 15-18° and III. > 18° (Přidalová & Riegerová, 2005) . Length parameters included heel length and foot length. Width parameters included direct forefoot width and direct heel width. The next parameter which evaluated the longitudinal foot arch was the Chippaux-Smirak index (CSI). The CSI (%) was calculated as the ratio of the widest part (direct forefoot width) and the narrowest 5% of the total sample; n = 3). The significant impact of obesity was observed on the right foot only in two parameters (Table 3 ). The Impact of obesity on foot morphology in older women difference between the NOW and the OW in the heel width was 23.7 mm (p < .01, r pb = .22). The CSI index showed a very similar situation as on the left foot. The difference between the NOW and the OW was 8.0% (p < .01, r pb = .27). The average values of the CSI did not show unreasonable levels of flat footedness, likely meaning that the real number of women with pes planus on their right feet was small (only 6.8% of the total sample; n = 5), however obesity did burden the longitudinal foot arch (Table 4) . There was not a significant impact of obesity in most other cases.
Discussion
Although many studies observed the impact of body composition on foot morphology, we think that it has not been explored completely. The first dispute is the evaluation of obesity, as was shown, for example, in the study by , where 14% of women with normal BMIs and 70% of overweight women showed obesity expressed as PBF > 35%. This means that the objectivity of BMI can be questionable. The fundamental problem is that most of the study investigated foot disorders only in association with BMI. Therefore, it is very important to extend the database of body composition results.
In this study, the impact of obesity (established by the MF-BIA), particularly on longitudinal foot arch, was found. Longitudinal foot arch was quite affected by obesity. The difference of the CSI between the NOW and the OW was 7.8% with small effect. With increased PBF the average value of the CSI increases, but neither group scored unreasonable levels of pes planus, likely meaning that the real number of women with foot pes planus was negligible (sin. 4.5% of the total sample; n = 3, dex. 6.8% of the total sample; n = 5) ( Table 4) . Negligible results proved the study done by Xiong, Goonetilleke, Witana, Weerasinghe, and Au (2010) when results showed no significant differences in weight, BMI and body fat content between three groups of young adults by arch type (high, normal and low arch). These parameters showed tendency to increase with foot arch collapsing, similarly. Another study showed that subjects with a lower arch appeared to have a greater BMI, meaning body mass has a significant, but medium effect (r pb = .36, p < .05) (Schie & Boulton, 2000) . To put it another way, the significant results of a study done by Morag and Cavanagh (1999) showed that excess body weight is a potential predictor for greater plantar pressure peak under the mid-foot, which are in accordance with our results. Similarly, significant effect of the BFM on the arch index and the mid-foot contact area (Wearing et al., 2004) was proven. In this area Birtane and Tuna (2004) showed interesting results. These authors compared plantar pressure between obese a non-obese subjects in each foot region. Every foot region was dominated from just the middle foot peak pressure in obese subjects. This means that foot arch is the most-attacked part of the foot. The second important finding in this study concerns differences in width parameters similarly as in our study. We found similar results regarding forefoot width on both the left and right feet. The difference between the NOW and the OW was 22 mm (r pb = .20) for left and 17.9 mm for right feet. The obesity impact was small to low. Age, gender and obesity have been shown to introduce significant differences in heel properties (Alcantara et al., 2012) . Forefoot and heel width have shown the impact of obesity. The difference was 23.7 mm and this parameter was the greatest affected of all parameters from obesity when considering the right foot (r pb = .22). Our findings confirmed the study done by Hills et al. (2001) where obese subjects showed increased forefoot width. This study also proved that higher plantar pressure dominated in the heel and midfoot area. Yet, some studies showed no effect of obesity on forefoot width (Guven, Ozden, Akalin, & Colak, 2009 ). The heel width parameter is closely related to foot angle. Only on the left foot showed differences between the NOW and the OW in the foot angle (2.1°). A decline in value was likely caused by obesity through the expanse of the heel width. The probable reason why left foot is more attacked then right foot could be overloading of support limb, but it can be also impact other important factors which not examined in this study.
Finally, we found differences also in the hallux valgus and varus angle parameters. The right foot showed no significant differences between the NOW and the OW, but we observed a much higher hallux valgus angle in non-obese subjects (difference 2.9°, small effect) on the left foot. Otherwise, the OW showed lower average values of the hallux varus angle (difference 3.5°). The surprising fact that the non-obese subjects have higher hallux angles was confirmed by findings in the study by Nguyen et al. (2010) . This shows that obesity appears to be "protective" against the hallux valgus. Similarly, an analysis of another study by Frey and Zamora (2007) found the hallux valgus more likely in groups with normal BMIs than among the obese. It seems that the obesity impacts the hallux varosity much more than the valgosity.
Conclusions
In conclusion, selected morphology parameters seem to be significantly influenced by obesity, which was expressed as percent body fat. Mainly, it was the longitudinal foot arch, whose average value of the CSI were pointedly the most-affected of all the investigated parameters resulting from load stemming due to obesity; such was true on both feet, but was not observed to have an effect on final foot arch collapse. Surprisingly, a significantly higher average value of the hallux valgus angle on the left foot in non-obese subjects and not in the obese was recorded. Otherwise, significantly higher values of the hallux varus angle on the left foot only were in the OW. Width parameters, specifically forefoot width and heel width, also showed significant differences between non-obese and obese subjects on both feet. The OW had higher forefoot width and heel width. These findings are in agreement with other studies. On the basis of submitted results, obesity represents some mechanical load on the lower limb, especially the foot. Obesity significantly changes foot morphology, causing hallux varosity, widening of the forefoot, as well as heel widening.
